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ABSTRACT
Over the past years observations of young and populous star clusters have shown that the
stellar IMF appears to be an invariant featureless Salpeter power-law with an exponent α = 2.35
for stars more massive than a few M⊙. A consensus has also emerged that most, if not all, stars
form in stellar groups and star clusters, and that the mass function of young star clusters in
the solar-neighborhood and in interacting galaxies can be described, over the mass range of a
few 10M⊙ to 10
7M⊙, as a power-law with an exponent β ≈ 2. These two results imply that
galactic-field IMFs for early-type stars cannot, under any circumstances, be a Salpeter power-law,
but that they must have a steeper exponent αfield>∼ 2.8. This has important consequences for
the distribution of stellar remnants and for the chemo-dynamical and photometric evolution of
galaxies.
Subject headings: stars: formation – stars: luminosity function, mass function – galaxies: star clusters –
galaxies: evolution – galaxies: stellar content – Galaxy: stellar content
1. Introduction
For stars more massive than the Sun the stellar
initial mass function (IMF) can be approximated
well by a single power-law function, ξ(m) ∝ m−α,
with the Salpeter index α = 2.35, ξ(m) dm being
the number of stars in the mass intervalm,m+dm.
Massey and collaborators (Massey et al. 1995a,
1995b; Massey & Hunter 1998; Parker et al. 2001;
Massey 2002) have shown that α and the mass of
the most massive star, mmax, in a cluster or OB
association are invariant in the metalicity range
0.002<∼Z <∼ 0.02, with mmax only depending sta-
tistically on the richness of the cluster or asso-
ciation. The Salpeter-power law form describes
the distribution of stellar masses down to approxi-
mately 0.5M⊙, where the IMF flattens to α1 ≈ 1.3
(Kroupa et al. 1993; Reid et al. 2002), with a
further flattening near the sub-stellar mass limit
(Chabrier 2003).
Stars form in clusters that contain from a
dozen or so members to many millions of stars.
1Heisenberg Fellow
The mass-distribution of local embedded clus-
ters is a power-law, ξecl ∝ M
−β
ecl , with β ≈ 2
for 20<∼Mecl/M⊙<∼ 1100 (Lada & Lada 2003).
Hunter et al. (2003) find β = 2 − 2.4 for the ini-
tial cluster mass function in the Large and Small
Magellanic Clouds, and Zhang & Fall (1999) re-
port β = 2 ± 0.08 for young star clusters with
104<∼Mecl/M⊙<∼ 10
6 in the Antennae galaxies.
The consensus thus emerges that the cluster mass
function (CMF) of young star clusters of all masses
can be described by a single power-law form with
β ≈ 2, which is consistent with the star-cluster
samples in six nearby spiral galaxies studied by
Larsen (2002) as well as the MF of young globular
clusters (Richtler 2003).
The stellar population of a galaxy is progres-
sively build-up over time through star-formation
in clusters. Low-mass clusters are much more
abundant than massive clusters and contribute
most of the stars but do not contain massive stars.
Consequently the field-star IMF depends on the
form of the MF of star clusters, and will be steeper
(αfield > α) than the stellar IMF in an individual
1
massive star cluster. The aim of this contribution
is to point out this important consequence of clus-
tered star formation on the field-star IMF.
Section 2 quantifies this effect for different clus-
ter and stellar MFs and Section 3 presents the dis-
cussion and conclusions.
2. The Field IMF from Clustered Star
Formation
The composite, galactic-field IMF is obtained
by summing up the stellar IMFs contributed by
all the star clusters that formed over the age of a
galaxy,
ξfield(m) =
∫ Mecl,max
Mecl,min
ξ(m ≤ mmax) ξecl(Mecl) dMecl,
(1)
where ξecl is the MF of embedded clusters and
ξ(m ≤ mmax) is the stellar IMF in a particular
cluster within which the maximal stellar mass is
mmax. The mass of the most massive star in an
embedded cluster with stellar mass Mecl is given
by
1 =
∫ mmax∗
mmax
ξ(m) dm, (2)
with
Mecl =
∫ mmax
ml
mξ(m) dm. (3)
On combining eqs. 2 and 3 the function mmax =
fn(Mecl) is quantified byWeidner & Kroupa (2003)
who infer that there exists a fundamental upper
stellar mass limit, mmax∗ ≈ 150M⊙, above which
stars do not occur, unless α>∼ 3 in which case no
conclusions can be drawn based on the expected
number of massive stars. We thus have, for each
Mecl, the maximal stellar mass, mmax ≤ mmax∗,
and with this information eq. 1 can be evaluated
to compute the field-star IMF.
Fig. 1 shows the result assuming β = 2.2 for
the clusters and α = 2.35 for the stars in each
cluster. For the lower “stellar” mass limit ml =
0.01M⊙ is adopted, while the stellar IMF has, in
all cases the standard (or “universal”) four-part
power-law form, α0 = +0.3(0.01−0.08M⊙), α1 =
+1.3(0.08− 0.5M⊙), and α2 = +2.3(0.5− 1M⊙)
(Kroupa 2001). For the minimum “cluster” mass,
Mecl,min = 5M⊙ (a dozen stars), and for the max-
imal cluster mass, Mecl,max = 10
7M⊙, are used.
The power-law index, αfield, of the field-star IMF
is calculated from ξfield at log10(m/M⊙) = 0.5 and
1.5. The resulting field-star IMF is well approxi-
mated by αfield = 2.77 for m>∼ 1M⊙. Most mas-
sive stars have more than one companion (Zin-
necker 2003). It can be shown (Sagar & Richtler
1991) that the binary-star corrected α is larger by
about 0.4 for a binary fraction of 100 per cent. If
the binary-star-corrected IMF in each cluster has
α = 2.7 then the resulting field-star IMF is even
steeper with αfield ≈ 3.2. The steepening of the
field-star IMF as a function of the star-cluster MF
is plotted in Fig. 2 for three different values of α.
It becomes increasingly pronounced the larger α
is. Below about 1M⊙, ξfield and ξ have the same
shape (i.e. the same α0, α1, α2) because the min-
imum “cluster”, Mecl,min = 5M⊙, only contains
stars with masses less than mmax = 1.3M⊙ (Wei-
dner & Kroupa 2003).
3. Discussion and Conclusions
Field-star IMFs must therefore always be
steeper for m > 1M⊙ than the stellar IMF that
results from a local star-formation event such as
in a star cluster. This has rather important impli-
cations. For example, the number and luminosity
function of white dwarfs and galactic supernova
rates are determined by the field-star IMF and are
rarer than predicted by a stellar IMF (Fig. 3). For
a realistic cluster MF with β = 2.2 the SN rate
is 2.5–5 times smaller than for a stellar IMF. The
chemical evolution and global energy feedback into
the interstellar medium of a galaxy is determined
by the total number of stars born in a distribu-
tion of star clusters, and thus by ξfield rather than
ξ. Because ξfield(m) < ξ(m) for m > 1M⊙ a
smaller effective yield and less feedback energy
results per low-mass star. Stellar mass-to-light
ratia of galaxies are often calculated by assuming
the underlying IMF is a single Salpeter power-
law, ξSalp, over the mass interval 0.1 − 100M⊙
(McCaugh et al. 2000). For a given galaxy lu-
minosity a Salpeter power-law IMF overestimates
the mass that has been assembled in stars by a fac-
tor of about 4/3. Calculating Mfield = XMSalp,
where Mfield is the total mass ever to have been
in field stars and MSalp the corresponding mass
for ξSalp, in the mass interval 0.1 − 100M⊙, and
scaling ξfield and ξSalp to have the same num-
ber of stars in the mass interval 1 − 100M⊙,
it follows that X(αfield) has an approximately
2
parabolic shape with X = 0.73, αfield = 2.35,
a minimum value X = 0.72 at αfield = 2.6
and X = 0.83, αfield = 3.5, in fine agreement
with the dynamical mass estimates of McCaugh
(2003). Note that brown-dwarfs contribute less
than 7% by mass to a zero-age field-star popu-
lation for αfield < 4.5 (Kroupa 2002). Further-
more, αfield(m > 1M⊙) must vary from galaxy
to galaxy, because the star-cluster MF varies in
dependence of the star-formation rate (SFR) in
the sense of a correlation between Mecl,max and
SFR (Larsen 2002). This is being quantified by
Weidner, Kroupa & Larsen (in preparation), and
implies that a complete description of the chemo-
dynamical and photometric evolution of galaxies
needs the three functions ξ(m), ξecl(Mecl), and the
star-formation history.
In practice the field-star IMF cannot be ob-
served directly for m>∼ 1M⊙ because these stars
have main-sequence life-times shorter than the age
of a galaxy. Salpeter (1955) estimated ξfield(m)
from the luminosity function of nearby field stars
by correcting the star-counts for stellar evolu-
tion and assuming a uniform stellar birth-rate and
found αSalp = 2.35 for 0.4 < m/M⊙ < 10. More
recently (and with improved stellar evolution the-
ory) Scalo (1986) and Reid et al. (2002) estimated
a field-star IMF for the Milky Way (MW) by first
constructing the present-day MF by counting mas-
sive stars in the local volume and applying cor-
rections for stellar evolution, the star-formation
history of the MW and diffusion of stellar orbits.
The resulting field-star IMF can be approximated
for m > 1M⊙ with αScalo = 2.7 (Kroupa et al.
1993), αReid = 2.5− 2.8. Yuan (1992) constrained
the field-star IMF from the distribution of stellar
remnants, and calculating αfield from ξYuan(m) at
log10(m/M⊙) = 0.2 and 1.2, the Yuan-field-IMF
has αYuan = 2.8 (Yuan’s fig.15c) and αYuan = 2.7
(Yuan’s fig.16c). These estimates are consistent
with α = 2.35 and β = 2.2, but they rely on
assumptions concerning stellar evolution and the
stellar birth-rate history of the MW. Consequently
the more direct measurement of α from very young
clusters (yielding αfield ≈ 2.3) was preferred more
recently to define the “standard”, or “Galactic-
field IMF” (Kroupa 2001, 2002). However, this
contribution has made it apparent that αfield>∼ 2.7
is closer to the truth. It therefore appears that
the field-star IMF should show a change in index
at 1 < m1/M⊙ < 10 from α = 2.3 (m < m1) to
α = αfield (m ≥ m1).
Massey (2002) finds that massive stars that
are not in OB associations have αiso ≈ 4. This
steep IMF of isolated massive stars has sometimes
been taken to possibly imply a different mode of
star formation in isolated molecular cloud(lets)
which may be arrived at if the isolated interstellar
medium has a different equation of state (Spaans
& Silk 2000). An alternative may be dynamical
ejections of massive stars from cluster cores with
high velocities (Clarke & Pringle 1992). Higher-
mass stars typically have lower ejection velocities
and thus cannot spread as far into the field as less
massive stars. The results obtained here allevi-
ate this problem of the isolated massive stars by
allowing a steeper field-star IMF (Fig. 2).
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Fig. 1.— The dotted line is the standard stel-
lar IMF, ξ(m), in logarithmic units and given by
the standard four-part power-law form (eq. 10 in
Weidner & Kroupa 2003), which has α = 2.35 for
m > 1M⊙. The dashed line is ξfield(m) for β =
2.2. The IMFs are scaled to have the same num-
ber of objects in the mass interval 0.01− 1.0M⊙.
Note the turndown near mmax∗ = 150M⊙ which
comes from taking the fundamental upper mass
limit explicitly into account (Weidner & Kroupa
2003). Two lines with slopes αline = 2.35 and
αline = 2.77 are indicated.
Fig. 2.— The field-star power-law index αfield
(m > 1M⊙) as a function of the star-cluster MF
power-law index β for α = 2.35, 2.7, 3.2. The slope
αfield is calculated as in § 2.
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Fig. 3.— Upper panel: The ratio of the number
of stars in the field-star IMF relative to the stellar
IMF (for α = 2.35, 2.7, 3.2, dotted, short-dashed
and long-dashed lines, respectively) in the mass
interval 0.8 ≤ m/M⊙ ≤ 8 (the relative number of
white dwarfs) in dependence of the cluster mass-
function power-law exponent β. Lower panel: The
same except for 8 ≤ m/M⊙ ≤ mmax∗ = 150M⊙
(the relative supernova rate). The normalisation
of the IMFs is as in Fig. 1. Note that the panels
have different vertical scales.
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